S
oil testing for phosphorus (P) is used both for nutrient management in crop production and for determining environmental risks associated with elevated levels of soil P (Kleinman et al., 1999) . Common STP methods in the United States include Olsen, Mehlich 3, and Bray P1, depending on region and soil characteristics; and these STP methods have been correlated to plant P uptake in the regions where they are used (Beegle, 2005; Fixen and Grove, 1990) . In Wisconsin, Bray P1 is the STP method used for both nutrient management and environmental regulatory purposes. Specifi cally, the Wisconsin P Index, a tool for predicting the risk of P loss on a fi eld-byfi eld basis, uses Bray P1 values to calculate P losses (Good, 2007) . Therefore, it is essential that the Bray P1 test measures P adequately on all important soil groups in Wisconsin.
Bray P1 was developed for neutral to acid soils (Fixen and Grove, 1990; Lucero et al., 1998; Wang et al., 2004) . Previous work documents that alkaline, calcareous soils can neutralize the acidity of Bray P1, causing it to underestimate P (Randall and Grava, 1971; Hooker et al., 1980; Mallarino, 1997; Mallarino and Atia, 2005) . Soils having >1.5 g inorganic carbon (IC) kg -1 can neutralize all of the HCl in the Bray P1 extracting solution, therefore reducing its effectiveness; assuming complete availability of the soil carbonate to the Bray P1 extracting solution (Randall and Grava, 1971; Hooker et al., 1980) . The reduction in soil P extracted with the Bray P1 test on calcareous soils has generally been attributed to neutralization of the extracting solution by CaCO 3 followed by precipitation of dissolved calcium with the fl uoride (Fixen and Grove, 1990) . The Mehlich 3 method was developed as a universal extractant for a wide range of soils including calcareous soils (Lucero et al., 1998; Wang et al., 2004) , and the Olsen test was developed primarily for calcareous soils (Olsen et al., 1954) . The Mehlich 3 extracting solution is less affected by free carbonates than Bray P1 (Tran et al., 1990) , and a carbonate content of at least 12.8 g IC kg -1 would be needed to neutralize all of the acid in Mehlich 3.
Comparisons of these three P extraction methods have shown that Mehlich 3, Olsen, and Bray P1 are often highly correlated in acid to neutral soils Oravec, 1990, Tran et al., 1990; Mallarino, 1997; Lucero et al., 1998; Mallarino, 2003) ; however, in soils with high pH or high carbonate contents Bray P1 does not perform as well (Hooker et al., 1980; Mallarino, 2003; Herman et al., 2004; Mallarino and Atia, 2005) . Soil IC contents ranging from 2.2 to 4.8 g kg -1 have been reported as values where Bray P1 begins to not correlate well with other soil P tests (Hooker et al., 1980; Mallarino, 1997; Mallarino and Atia, 2005) .
Because of decreased effectiveness of Bray P1 on calcareous soils there is a concern that Bray P1 may not be appropriate 
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Evaluating the Bray P1 Test on Alkaline, Calcareous Soils
Soil test phosphorus (STP) measurements are important for predicting crop P needs and for P loss risk assessments. Previous work indicates that the Bray P1 method extracts less P and does not correlate as well with Mehlich 3 or Olsen STP methods in alkaline or highly calcareous soils. This research was conducted to determine if the Bray P1 test is an appropriate method for the eastern red soil (ERS) region of Wisconsin, where pH typically ranges from 7 to 8 and soils are often calcareous. Soil samples (n = 113) from the ERS region and comparison soils (CS) from Iowa and Kansas (n = 38) with high pH and carbonate content were analyzed for P using the Bray P1, Mehlich 3, and Olsen methods and for soil pH and carbonate content. Results indicate that Bray P1 is strongly correlated with Olsen and Mehlich 3 for all samples in ERS regardless of carbonate content (R 2 = 0.83 and 0.98, respectively), but only weakly correlated to Olsen and Mehlich 3 for Iowa and Kansas soils with carbonate contents ≥ 5 g kg -1 (R 2 = 0.01 and 0.08, respectively). Further investigation indicated that carbonate in CS is calcitic while in ERS it is dolomitic. Because dolomite reacts much more slowly than calcite, Bray P1 is not neutralized in ERS during the 5 min extraction time. For soil with unknown carbonate content, a pH measurement on the Bray P1 fi ltrate can identify samples where Bray P1 is neutralized and an alternative P extractant should be used.
for the ERS region in Wisconsin. The ERS are located in the northeast part of Wisconsin (Hole, 1976) , and typically have pH values in the 7.0 to 8.0 range and are often calcareous. These soils formed on Valderan glacial till and associated glaciolacustrine deposits, and the carbonate content of the glacial tills and the glaciolacustrine materials typically range from 27 to 29% (Madison, 1972) . The ERS region has often been called the "red clay area" because of the red color due to the presence of iron and the fi ne texture of the Valderan drift (Murray, 1953; Petersen, 1965) . Common soil series in the ERS region include: Kewaunee (fi ne, mixed, active, mesic Typic Hapludalfs), Onaway (fi ne-loamy, mixed, active, frigid Inceptic Hapludalfs), Manawa (fi ne, mixed, active, mesic Aquollic Hapludalfs), and Hortonville (fi ne-loamy, mixed, active, mesic Haplic Glossudalfs).
As described, the ERS in northeastern Wisconsin are known to have high soil pH values and may contain substantial carbonate suggesting that the Bray P1 test may not perform well on these soils. Because Bray P1 is the required test used throughout Wisconsin for fertilizer recommendations and for regulatory P management, it is imperative that Bray P1 accurately measure extractable P on Wisconsin soils. To ensure that Bray P1 is an appropriate test on ERS, this research was conducted to evaluate Bray P1 performance on ERS soils relative to Mehlich 3 and Olsen STP methods and, subsequently, to investigate the mechanisms for adequate Bray P1 performance on the ERS.
MATERIALS AND METHODS
Soil samples collected from the ERS region of Wisconsin were analyzed for soil test P (Bray P1, Mehlich 3, and Olsen) , pH, and carbonate. Soils from Kansas and Iowa known to have high pH or high carbonate content were included as CS.
Two sets of soil samples (n = 113) were collected from the ERS. The fi rst set (n = 26) was collected in 2002 as part of a soil P characterization/P Index validation project. The second set (n = 87) was collected in the fall of 2005 from farms throughout the ERS region. Comparison soils came from Kansas (n = 29) and Iowa (n = 9). The locations, number of samples, series names, and orders of soils included in this soil P test evaluation study are shown in Table 1 .
Soil samples (0-15 cm) were air dried and ground to pass a 2-mm screen. Soil P tests included Bray P1 (Frank et al., 1998; Bray and Kurtz, 1945), Mehlich 3 (Mehlich, 1984) and Olsen (Olsen et al., 1954) . Both Bray P1 and Mehlich 3 tests were performed by shaking 2.5 g soil with 25 mL of the appropriate extractant for 5 min at 180 rpm. Olsen-P was determined by shaking 2.0 g soil with 20 mL extractant for 30 min at 180 rpm. After shaking on a reciprocating shaker, all samples were centrifuged at 2000 rpm for 10 min and fi ltered through Fisher P5 fi lter paper. Phosphorus in the extracts obtained by each method was determined colorimetrically by the ascorbic acid method (Murphy and Riley, 1962; Frank et al., 1998) using a PerkinElmer Lambda 25 UV/VIS spectrometer. Colorimetric analysis is the offi cial method for the Bray P1 test in Wisconsin (Laboski et al., 2006) .
Soil pH was measured in a 1:1 (weight to volume) soil to water slurry (Laboski et al., 2006) . Soil carbonate content was measured using a titrimetric method (Bundy and Bremner, 1972; Loeppert and Suarez, 1996) . Samples between 3 and 8 g of soil (0.14-mm screen) were precisely weighed into stoppered 240-mL French square bottles, into which 20 mL of 2 M HCl was injected to release soil carbonate as CO 2 . Five milliliters of 2 M KOH were used to capture the CO 2 , which was then titrated with a standard acid to determine IC content. Work by Hooker et al. (1980) , Mallarino (1997) , and Mallarino and Atia (2005) identifi ed 2.2, 4.3, and 4.8 g IC kg -1 as critical values for satisfactory Bray P1 performance, and in this paper a value of 5 g IC kg -1 is used as a critical value.
In the course of this STP evaluation, it became clear that Bray P1 performed adequately on ERS regardless of carbonate content but underestimated extractable P on CS when the soil carbonate content reached ?4 to 6 g IC kg -1 . To investigate the differences between the ERS and CS, and to identify a mechanism for adequate Bray P1 performance in ERS, additional soil characterization tests were performed on selected soils from both ERS and CS.
In Exp. 1, cation exchange capacity (CEC) and base cation saturation percentage (%BCS) were measured on representative soils from both the ERS (n = 9) and the CS (n = 5). Cation exchange capacity was determined using 1 M ammonium acetate to extract cations. Exchangeable base cations (Ca 2+ , Mg 2+ , K + , and Na + ) in the extracts were measured via inductively coupled plasma analysis and exchangeable acidity was estimated using the SMP buffer (Warncke and Brown, 1998) . The CEC was calculated by adding the exchangeable base cations (cmol c kg -1 ) to the exchangeable acidity (cmol c kg -1 ) (Warncke and Brown, 1998) . Base cation saturation percentage was calculated by dividing the exchangeable base cation concentration by the CEC and multiplying by 100.
In Exp. 2, selected samples from both ERS and CS with a range of IC contents were reanalyzed using the Bray P1 method. Before analyzing the fi ltrate for P, 10 mL were decanted for pH measurement. Extractant pH indicates the extent of Bray P1 extractant neutralization by carbonates and the possibility of reduced ability to extract P from the soil.
In Exp. 3, two soils with similar IC contents, one from the ERS and one from the CS, were selected to compare carbonate reactivity in these two soil groups. A volumetric calcimeter (Loeppert and Suarez, 1996) was used to measure the volume of CO 2 evolved (amount of IC released) from addition of acidic solutions. Calcite (CaCO 3 ) has a much higher dissolution rate than dolomite [CaMg(CO 3 ) 2 ] (dolomite dissolves ?100 times slower than calcite) (Loeppert and Suarez, 1996). Using the volumetric calcimeter method, the amount of CO 2 evolved with 6 M HCl at 30 s (0.5 min) is assumed to be the calcite content and the amount of CO 2 evolved at 30 min is assumed to be the dolomite content (Loeppert and Suarez, 1996) . Three solutions were used to release the carbonate: 6 M HCl, Mehlich 3, and Bray P1 extracting solutions (20.0 mL of each solution was added to 1.0 g soil). Theoretically, the more dilute acids (Mehlich 3 and Bray P1) should dissolve the carbonate more slowly than 6 M HCl; and less reactive carbonate (dolomite) should evolve CO 2 more slowly than more reactive carbonate (calcite).
A regression analysis was performed to determine the relationships between Bray P1, Mehlich 3, and Olsen tests using PROC REG (SAS Institute, 2003) .
RESULTS AND DISCUSSION
Relationship between Soil pH and Inorganic Carbon Content
The relationship between soil pH and IC content for all soil samples evaluated is shown in Fig. 1 . The pH ranged between 5.6 and 8.3 and the carbonate content ranged from 0 to 38.9 g IC kg -1 . The pH range of the ERS was between 5.6 and 7.8. Most of the ERS contained <5 g IC kg -1 (Fig. 1) , and only 11 of the 113 ERS had IC contents >5 g IC kg -1 . All CS had pH values >7 and had carbonate contents ranging from 0 to 19.4 g IC kg -1 . These data indicate that soils with high IC contents will have soil pH values above ?7; however, a high soil pH value does not necessarily mean that the soil will have a high IC content (Fig. 1) . In Minnesota, Blanchar and Caldwell (1964) found that their seven calcareous soils had pH values >7.8. Also, most of these high pH soils had relatively high carbonate ( >12 g IC kg -1 ) but one had only 1.2 g IC kg -1 . All seven of their noncalcareous soils had pH values <7.0. Similarly, Hooker et al. (1980) reported that the fi ve Nebraska soils they used had pH values ranging from 7.2 to 8.0 and carbonate contents ranging from 0.01 to 19.8 g IC kg -1 , with several soils with pH >7.7 only containing up to 2.1 g IC kg -1 . The soil pH in Fig. 1 does not exceed approximately 8.3 regardless of IC content because the pH of a solution in equilibrium with the CO 2 in the soil pores and saturated with CaCO 3 is 8.3. Carbonate acts as a pH buffer, maintaining a soil pH in the range of 7.5 to 8.5 in most calcareous soils (Loeppert and Suarez, 1996) .
Relationships between Soil Phosphorus Tests
The relationship between Olsen and Mehlich 3 soil test P values for all soils is shown in Fig. 2 . Because the Olsen method was designed for calcareous soils, and since Mehlich 3 extractant is a stronger acid than Bray P1, both Olsen and Mehlich 3 should perform well on most soils, including those with substantial IC contents. This assumption is supported by the data in Fig. 2 , showing a generally strong linear relationship (R 2 = 0.86) between soil test P values obtained by the two tests regardless of the soil IC content. The relationship between Mehlich 3 and Olsen is similar to that found by Tran et al. (1990) on noncalcareous soils (R 2 = 0.751) and on calcareous soils up to 7.3 g IC kg -1 (R 2 = 0.937). Figure 3 shows the relationship between Bray P1 and Mehlich 3 soil test P values on all soils. For many of the soils with IC contents ≥ 5 g kg -1 , Bray P1 values are substantially lower than the corresponding Mehlich 3 values, indicating that Bray P1 is probably underestimating soil test P. Because Bray P1 is a more dilute acid than Mehlich 3, this is likely due to neutralization of the Bray P1 extractant by carbonate. For example, for a substantial group of soils with IC ≥5 g kg -1 shown in the lower left corner of Fig. 3 , the Mehlich 3 soil test P values were in the 20 to 30 mg kg -1 range, while the comparable Bray P1 values were 0 to 10 mg kg -1 . Figure 3 also shows that the soils for which Bray P1 is underestimating STP are all CS. It appears that Bray P1 is extracting P proportionally to Mehlich 3 for all of the high carbonate (≥5 g IC kg -1 ) ERS soils. In general, the ERS samples had higher STP values than the CS. Bray P1 in the ERS (n = 113) averaged 39.8 mg P kg -1 and ranged from 4.0 to 305.4 mg P kg -1 , while in the CS (n = 38) Bray P1 averaged 11.9 and ranged from 0.3 to 74.2 mg P kg -1 . Mehlich 3 in the ERS averaged 49.8 mg P kg -1 and ranged from 3.6 to 359.7 mg P kg -1 ; while in the CS Mehlich 3 averaged 23.5 mg P kg -1 and ranged from 9.5 to 107.4 mg P kg -1 . This explains why most of the samples where the Bray P1 test underestimated P had Mehlich 3 values in the lower half of the STP range measured. However, this does not explain why Bray P1 accurately estimated all of the ERS samples with high carbonate. The difference in Bray P1 performance between the ERS and CS samples can be quantifi ed by analyzing regression relationships in these soils separated into several categories (Table 2 ). Other studies, as previously mentioned, have shown that the Bray P1 extractant can be affected on soils with IC contents ranging from 2.2 to 4.8 g kg -1 (Hooker et al., 1980; Mallarino, 1997; Mallarino and Atia, 2005) . A value of 5 g IC kg -1 was chosen as the critical value in this paper. Thus the categories that were evaluated (Table 2) include all soils, all soils with low carbonate (IC < 5 g kg -1 ), all soils with high carbonate (IC ≥ 5 g kg -1 ), CS with high carbonate (IC ≥ 5 g kg -1 ), ERS with high carbonate (IC ≥ 5 g kg -1 ), and all ERS. While the R 2 value for the Bray P1/Mehlich 3 regression for all soils is high (0.96), Table 2 shows how the strength of the relationship changes if the high carbonate soils are separated from the low carbonate soils. For soils with IC < 5 g kg -1 , the Bray P1/Mehlich 3 relationship remains high (R 2 = 0.98), but decreases slightly to 0.92, when only soils with IC ≥ 5 g kg -1 are considered. Tran et al. (1990) also found a strong relationship between Mehlich 3 and Bray P1 on noncalcareous soils (R 2 = 0.958) and calcareous soils up to 7.3 g IC kg -1 (R 2 = 0.985). on soils with free lime (visual effervescence test), Herman et al. (2004) found that many of the calcareous samples were outliers, with Bray P1 underestimating extractable P relative to Mehlich 3. When the calcareous soils were removed, the relationship of the Mehlich 3 to Bray P1 improved from R 2 = 0.79 to 0.85. The relationship between Bray P1 and Olsen soil test P values on all soils is illustrated in Fig. 4 . These results are similar to those shown in Fig. 3 for the Bray P1 vs. Mehlich 3 relationship, in that Bray P1 is underestimating soil test P on a number of soils with high carbonate contents (note points with IC ≥ 5 g kg -1 in the lower left corner of Fig. 4 ). The R 2 values for these data refl ect the same change in strength of relationship as the Bray P1/Mehlich 3 data when high carbonate CS are separated from high carbonate ERS. As shown in Table 2 , the Bray P1/Olsen relationship remains strong (R 2 = 0.80) for low IC soils and for all ERS (R 2 = 0.83), but decreases to R 2 = 0.01 for high IC CS. Alternatively, the R 2 for high IC ERS remains high (0.85). Hooker et al. (1980) showed that the correlation of Bray P1 with Fe-Al-P (highly correlated to plant available P) became poorer as carbonate content increased from <2.2 to 19.8 g IC kg -1 , but that the correlation of Olsen with Fe-Al-P was not affected by increases in soil carbonate content.
When the P soil test comparison is limited to ERS, Fig. 5 shows a very strong relationship between Bray P1 and the other two P tests (R 2 = 0.98 and 0.83 for Mehlich 3 and Olsen, respectively), indicating that the Bray P1 is a valid P test for these soils. Collectively, results presented in Fig. 2 to 5 suggest that the Bray P1 test performs differently in ERS than in the calcareous CS.
Factors Affecting Neutralization of Bray P1 Extracting Solution in High Carbonate Soils
Data presented in this paper indicate that the Bray P1 extracting solution can be neutralized by carbonate in the CS. However, these data also indicate that Bray P1 is not neutralized in the ERS, even at high IC contents. Several experiments were conducted to investigate the cause for (Fig. 2 (Fig. 4) 0.80 0.80 0.80 0.01 0.85 0.83 † "All soils" is the whole data set, for which the R 2 is shown in Fig. 2 to 4. Other soil categories are a subset of the complete data set. satisfactory Bray P1 performance in high IC ERS soils but not in CS with similar IC contents.
Experiment 1-Cation Exchange Capacity and Percent Base Cation Saturation
Both CEC and %BCS could contribute to high pH levels in soils with low carbonate contents, such as many soils found in the ERS. Results (Table 3) indicate that regardless of IC content, high pH soils also had high %BCS (100%). The soils with low pH had lower %BCS (ranging between 62 and 100%). The CEC measurements did not help explain the pH or IC categorizations in Table 3 , but the data show that all the CS analyzed had high CEC (25-34 cmol c kg -1 ), while the ERS were more variable (9-31 cmol c kg -1 ).
Experiment 2-Relationship between Soil Inorganic Carbon Content and Bray P1 Filtrate pH
Bray P1 extracts of CS soils having higher IC content, especially above 5 g IC kg -1 , were often neutralized (fi ltrate pH > ?4.5), but none of the ERS, regardless of carbonate content, were neutralized signifi cantly (all pH ?4 or less) (Fig. 6 ). These data support information from previous work that IC can neutralize the Bray P1 extractant at IC levels above 2.2 to 4.8 g IC kg -1 , thus affecting its ability to extract P (Hooker et al., 1980; Mallarino, 1997, and Atia, 2005) . Specifi cally, Mallarino (1997) showed that at ?4.8 g IC kg -1 , the ratio of soil P extracted between Bray P1 and either Mehlich 3 or Olsen became erratic while the ratio between Mehlich 3 and Olsen remained constant regardless of carbonate content. Their data showed that on some, but not all, soils with pH >7.4, the Bray P1 extractant underestimated P compared to Mehlich 3 and Olsen. However, Fig. 6 shows that none of the Bray P1 fi ltrates from the ERS samples were neutralized, even those from soils with high IC contents. Figure 7 shows the rate of CO 2 evolution for an ERS (Fig.  7a ) and for a CS (Fig. 7b) following addition of three acidic solutions. When treated with 6M HCl, the CS evolved all of its CO 2 within the fi rst 30 s (calcite content), while <15% of the total CO 2 from the ERS is evolved during that time (Fig.   Fig. 5 . Relationship between Bray P1 and Mehlich 3 P soil test methods on eastern red soils (ERS). 7). The volume of CO 2 evolved was used to estimate calcite and dolomite contents and indicated that the ERS sample contained 20 g calcite kg -1 soil and 89 g dolomite kg -1 soil, while the CS sample has 150 g calcite kg -1 soil and no detectible dolomite. These results support the conclusion that Bray P1 effectively measures extractable P on ERS even with high carbonate contents, because the Bray P1 extracting solution does not react rapidly with the dolomitic carbonate in the ERS. In contrast, the extracting solution is neutralized and becomes ineffective by rapid reaction with calcite in the CS. The shaking time with the Bray P1 extractant is only 5 min, making rapid reaction with carbonates necessary for neutralization of the extractant. This fi nding is supported by Blanchar and Caldwell (1964) who reported that when the dolomite was subtracted from the soil calcium carbonate equivalence, a signifi cant inverse relationship existed between the P extracted by Bray P1 and calcium carbonate content. They attributed this effect to the slower reaction between acid and dolomite compared to the relatively quick reaction with calcite resulting in neutralization and less P extraction. Research by Randall and Grava (1971) also indicated that variability in Bray P1 values was much less in fi elds dominated by dolomitic carbonates compared to fi elds dominated by calcitic carbonates.
Experiment 3-Dolomite vs. Calcite as Inorganic Carbon Sources
To investigate how neutralization of the extracting solution is affected by strength of acid, Bray P1 and Mehlich 3 were also used in the volumetric calcimeter method. The ERS treated with Mehlich 3 and Bray P1 extracting solutions released <1 mL of CO 2 in the fi rst 3 to 5 min and this increased marginally in the next 40 min, while Mehlich 3 reacted with slightly more carbonate than the Bray P1 (Fig. 7a) . These data support the hypothesis that acidity in the Bray P1 and Mehlich 3 extractants is too weak to dissolve the dolomite, explaining why only a small amount of CO 2 is released with these extractants in Fig.  7a . In the CS, Mehlich 3 evolved ?4 mL of CO 2 and Bray P1 evolved ?1 mL in the fi rst 3 to 5 min (Fig. 7b) . Comparable CO 2 volumes after ?45 min were 7.5 mL with Mehlich 3 and 2.25 mL with Bray P1. Because the calcite is so much more quickly dissolved than dolomite, the Bray P1 is quickly neutralized as shown in Fig. 7b and unable to release more CO 2 . When an additional 20 mL of Mehlich 3 extractant was added to the same 1 g of soil and given more time to react, the CO 2 released approached the amount given off by the 6M HCl for both soils (data not shown). This provides evidence that Mehlich 3 is less affected by carbonates than Bray P1 due to its stronger acidity.
The available soil Ca and Mg concentrations from Exp. 1 support the calcite and dolomite measurements. Table  3 shows that the CS had an average Ca concentration of 5750 mg kg -1 , while the ERS had an average Ca concentration of 2210 mg kg -1 . Because we believe the ERS carbonate to be dolomitic, more exchangeable Mg would be expected, and was measured, in the ERS (550 mg Mg kg -1 ) than in the calcitic CS (240 mg Mg kg -1 ).
CONCLUSIONS
Our research confi rms previous work showing that the Bray P1 soil test method can be inappropriate for assessing extractable P in most soils with high carbonate contents (≥5 g inorganic carbon kg -1 ). Specifi cally, our comparison of STP methods showed that Bray P1 test results were only weakly correlated to Olsen and Mehlich 3 on highly calcareous soils from Iowa and Kansas but were strongly correlated with Olsen and Mehlich 3 for all samples from the ERS region of Wisconsin regardless of carbonate content. On ERS, where Bray P1 accuracy has been questioned, few samples contained enough carbonate to affect Bray P1 soil test performance, and those with signifi cant carbonate contents did not neutralize the extractant because the inorganic carbon source in these soils was found to be dolomitic rather than calcitic. Because dolomite is less reactive than calcite, the Bray P1 extracting solution is not neutralized by the carbonates in the ERS during the relatively short (5 min) extracting time and extraction of soil P is not affected. Based on this research, Bray P1 soil test results should be considered valid estimates of extractable P in the ERS region. Because soil pH is not a reliable indicator of soil carbonate content or composition (calcite vs. dolomite), we propose that pH measurements of Bray P1 fi ltrates can be used as a screening tool to identify high pH soils of unknown carbonate content where the Bray P1 extracting solution is neutralized and P extraction is reduced.
